to emphasize the morphometric distinction among subspecies of A. jamaicensis.
MATERIALS AND METHODS
Samples.-We downloaded 8 sequences of Cytb from GenBank. In addition, we isolated DNA from 15 tissue samples loaned from collaborative institutions or colleges. Thirteen samples ( Fig. 1 ; Appendix I) represented 5 subspecies of A. jamaicensis complex: A. j. triomylus (Nayarit, Colima, Morelos, and Guerrero, Mexico), A. j. yucatanicus (Veracruz, Oaxaca, and Quintana Roo, Mexico), A. j. richardsoni (Chiapas, Mexico; Honduras; and Panama), A. j. paulus (Chiapas, Mexico), and A. j. jamansis (Puerto Rico). Nine samples of non-jamaicensis taxa were used as reference, and Dermanura azteca and D. tolteca were included as outgroups.
DNA Sequencing.-Mitochondrial DNA was extracted from liver or kidney tissue following a protocol modified from González and Vovides (2002) . Polymerase chain reaction (PCR) methods were used to amplify the complete Cytb gene using primers L14724 and H15915R (Irwin et al. 1991) . PCR amplification conditions were initial template denaturation for 3 min at 948C followed by 30 cycles of 30 s denaturation at 948C, 30 s annealing at 558C, and 30 s extension at 728C, and a final extension of 6 min at 728C. PCR products were purified with Gene Clean III (Bio 101 Inc., Vista, California) following the procedure recommended by the manufacturer, and resuspended in 20 ll of autoclaved water. Amplified DNA was sequenced using a Big Dye Terminator Mix (Applied Biosystems, Inc., Warrington, England) as described by the manufacturers. PCR cycle sequencing conditions were initial template denaturation for 4 min at 968C followed by 25 cycles of 30 s denaturation at 968C, 15 s annealing at 508C, and 4 min extension at 608C. Sequencing products were run on a 4.75% polyacrylamide gel using an ABI-373A automated sequencer (Perkin-Elmer, Inc., Foster City, California).
Phylogenetic analysis.-Sequences were aligned by eye and proofed by translating into amino acid sequences using McClade 3.04 (Maddison and Maddison 1992) . A phylogenetic reconstruction was obtained by parsimony and maximum likelihood approaches implemented in PAUP* (version 4.0b10-Swofford 2002) . For parsimony analysis we used the branch and bound algorithm, with informative nucleotide positions treated as unordered, discrete characters with 4 possible character states, and with equal weight. For maximum likelihood analysis, the computer program ModelTest (version 3.0-Posada and Crandall 1998) was used to statistically compare successively nested models and to determine the appropriate model of sequence evolution for this data set. Due to computational difficulty, this analysis was carried out with a heuristic search with 100 random sequence addition replicates, and tree bisection and reconnection branch swapping.
We used parsimony bootstrapping as a measure of clade support (Felsenstein 1985) , and Bayesian posterior probabilities as a measure of reliability of clades (Huelsenbeck et al. 2002) . Parsimony bootstrapping was computed with 1,000 bootstrap iterations and a heuristic search with 10 sequence additions. Bayesian posterior probabilities were generated with MrBayes 2.0 (Huelsenbeck and Ronquist 2001) using Marcov chain Monte Carlo with the MetropolisHasting algorithm. No a priori assumptions about topology were made, and all searches were provided with uniform priors. Two separate runs were performed to assure the coverage of tree space. Each search was run for 1,000,000 generations and every 100th tree was sampled. Burn-in value was determined when negative loglikelihood (ÀlnL) values reached an asymptote. Posterior probabilities for each clade were computed by a majority consensus tree after burn-in (1,000 trees excluded).
Quantitative pairwise comparisons were made using genetic distances corrected for the Kimura 2-parameter model of evolution (K2P-Kimura 1980) . This model was selected to allow for comparisons to other molecular studies of phyllostomid bats as a general measure for establishing taxonomic rank (Bradley and Baker 2001) .
Morphometric analyses.-We examined 545 adult specimens representing 5 subspecies of A. jamaicensis complex and its congeners (Appendix II). Adults were classified based on complete ossification of phalanges. Skulls and jaws were digitized with a Mavica-FD88 (Sony Corporation, Japan) camera, using a spirit level to assure that the lens and the specimen plane were parallel. Digital images were measured with computer program Image-Pro Plus (Media Cybernetics 1994). Sixteen cranial characters were included: length of skull, excluding incisors; condylobasal length, excluding incisors; mastoidal breadth; breadth of braincase; zygomatic breadth; postorbital constriction; breadth across postorbital process; breadth across upper 1st molars; breadth across upper canines; breadth of pterygoid fossa; palatal length, taken from anterior-most point of pterygoid fossa to posteriormost point of incisive foramen; breadth of palate, taken as distance between internal margin of upper 2nd molars; length of mandible; length of mandibular toothrow; height of coronoid process, taken from the dorsal-most point on ventral border of horizontal ramus to tip of coronoid process; and breadth of masseteric region, taken from the anterior-most point of coronoid process to the posterior-most point of condylar process.
Descriptive statistics (mean, SD, and range) for each character were calculated for comparative purposes (available upon request). Data were log-transformed to meet assumptions of normality and linear relationships among variables, as required by analytical methods. Secondary sexual dimorphism was evaluated using a multivariate analysis of variance (MANOVA) to determine if individuals from both sexes could be pooled for between-group comparisons. Multivariate variation across taxa was assessed by principal component analysis (PCA) based on variance-covariance matrix. A discriminant function analysis was performed to examine multivariate differentiation among a priori designated groups and to identify which characters were more useful in detecting these differences. Squared Mahalanobis distances (D 2 ) were calculated from pairwise comparisons as a measure of morphometric divergence among taxa examined (Sneath and Sokal 
RESULTS
Phylogenetic analysis.-We compiled a data matrix of 24 complete sequences of mitochondrial Cytb representing populations of 6 species of large Artibeus and 2 outgroups. Two hundred and two sites (23, 8, and 171, 1st, 2nd , and 3rd position, respectively) were parsimony informative. Parsimony analysis recovered 1 most-parsimonious tree (steps ¼ 612, CI ¼ 0.572, RI ¼ 0.688). This topology (Fig. 2 ) depicted 3 major clades. Clade I contained samples of A. hirsutus and A. inopinatus. Clade II contained the samples of A. lituratus, A. obscurus, and A. planirostris fallax; these latter 2 species formed a sister relationship. Clade III included all samples of A. jamaicensis, which is further divided into 2 minor clades (A and B). Clade A included all samples of A. j. triomylus. Clade B contained samples of A. j. yucatanicus, A. j. richardsoni, A. j. paulus, and A. j. jamaicensis.
ModelTest determined the TrN þ I þ À as the model that best fits the data. Parameter estimates for this model were as follows:
.24, and [G-T] ¼ 1; 3) I ¼ 0.55; and 4) À ¼ 1.48. The maximum likelihood search using that model found 1 tree ( Fig. 3) with a ÀlnL of 4,513.2756. This tree differed from the parsimony tree in the position of A. lituratus, which under maximum likelihood analysis appeared as sister to the clade formed by samples of A. jamaicensis complex (clade III), as well as the relationships within clade formed by nontriomylus samples. Levels of support and reliability for the main clades were high, except the clade II in the parsimony analysis.
Genetic distances corrected by K2P model were averaged for comparisons within and among selected taxa or clades, and converted to percentages (Table 1) . Genetic distances within subspecies of A. jamaicensis complex ranged from 0.3% (between 2 samples of A. j. triomylus) to 2.7% (between 2 samples of A. j. richardsoni). Genetic variation among subspecies also was low, ranging from 1.4% (between A. j. richardsoni and A. j. yucatanicus) to 4.3% (between A. j. richardsoni and A. j. triomylus). In contrast, level of genetic differentiation among species ranged from 7.9% (between A. obscurus and A. p. fallax) to 15.3% (between A. j. richardsoni and A. hirsutus).
Morphometric analyses.-Significant secondary sexual variation was found only for samples of A. j. triomylus, based on the MANOVA analysis (P , 0.001). Therefore, specimens of both sexes were pooled in subsequent analyses. Principal component analysis established that 63.4% of the variation among taxa was attributable to size, as determined by high positive loadings of all characters on principal component 1 (Marcus 1990 ). Principal components 2 and 3 accounted for 7.6% and 6.0%, respectively. A 3-dimensional plot of the first 3 principal components (Fig. 4) illustrated that A. lituratus, A. p. fallax, and A. obscurus are the most distinct taxa on principal component space, with the remaining taxa mostly overlapping.
Differentiation among groups was achieved by discriminant function analysis. The 1st canonical variable expressed 41.7% of the morphometric variation and the 2nd canonical variable explained 20.4%. Plots of the first 2 canonical variates (Fig. 5a ) depicted a poor morphometric differentiation among most taxa. A. lituratus and A. p. fallax were the most distinctive groups. When only samples of A. jamaicensis complex were analyzed by discriminant function analysis (Fig. 5b) , the 1st and 2nd canonical variates accounted for 64.1% and 24.3% of the variation, respectively. A. j. triomylus and A. j. jamaicensis were the most distinctive taxa. Lack of discrimination was especially evident for A. j. yucatanicus, A. j. richardsoni, and A. j. paulus, whose centroids were encompassed by 95% confidence ellipses.
The greatest morphological divergence ( 
DISCUSSION
Phylogenetic hypothesis recovered by parsimony and maximum likelihood revealed that 2 monophyletic clades exist within the A. jamaicensis complex. Clade A corresponded to samples of A. j. triomylus from western Mexico. Clade B contained samples of A. j. yucatanicus., A. j. richardsoni, A. j. paulus, and A. j. jamaicensis from the Gulf of Mexico, Central America, and the Caribbean. Both clades are well supported by parsimony bootstrapping and Bayesian posterior probabilities, although relationships of haplotypes within clade B differed in parsimony and maximum likelihood analyses. The average genetic distance within clade A was 0.8% (0.3-1.4%), and within clade B was 1.9% (1.3-2.5%). However, clade A differed from clade B by an average sequence divergence of 3.6% (2.9-5.1%). At this level of differentiation of Cytb gene, A. j. triomylus is as different from other A. jamaicensis as are other sister species in other phyllostomid genera. For example, genetic distance between Carollia brevicauda (sensu stricto) and C. perspicillata was 3.6% (Baker et al. 2002) , between Chiroderma doriae and C. trinitatum was 3.2% (Baker et al. 1994) , and between Dermanura watsoni and D. azteca was 4.8 (Van Den Bussche et al. 1998) .
The substitution rate for mammalian Cytb varies from 3 to 5% per million years (Arbogast 1999 ). If we consider a mean of 4%, then we can presume that populations of clade A (A. j. triomylus) and populations of clade B (A. j. yucatanicus, A. j richardsoni, and A. j. jamaicensis) diverged from a common ancestor about 1 Â 10 6 years ago. This hypothesis places the divergence time of both clades during the Pleistocene, a period characterized in Mexico by habitat expansion-retraction cycles in response to changes in climate, sea level, and glacial fronts (Toledo 1982) . Such habitat fragmentation could have resulted in vicariant events that split the population occurring in the western Pacific region of Mexico from those occurring in Gulf of Mexico, Central America, and Caribbean areas. Similar patterns of distribution are shown by several endemic bats such as Musonycteris harrisoni, Dermanura phaeotis nanus, Rhogeessa tumida, and Hylonycteris underwoodi minor that inhabit the lowlands of western Mexico (Hall 1981) . This region appears to be a well marked biogeographic unit that was isolated from the Pacific versant south of the Isthmus of Tehuantepec and from the Atlantic versant of Mexico (Davis 1970) .
Multivariate analyses revealed that most taxa included are morphologically similar, regardless of specific or subspecific status. Principal component analysis suggested that size (PC1) accounted for most variation among taxa, with all samples of A. jamaicensis complex overlapping on this axis. These results do not support Davis' (1970) conclusion that subspecies of A. jamaicensis differ in size. Discriminant function analysis revealed that cranial morphology of A. lituratus and A. p. fallax are the most distinctive, compared Within A. j. triomylus 0.8 Within yucatanicus-jamaicensis-paulus-richardsoni 1.9 triomylus compared to richardsoni 4.3 triomylus compared to yucatanicus 3.9 triomylus compared to jamaicensis 3.0 triomylus compared to paulus 3.2 triomylus compared to yucatanicus-jamaicensis-richardsoni-paulus 3.6 triomylus compared to hirsutus 13.1 triomylus compared to intermedius 9.1 triomylus compared to fallax 11.1 triomylus compared to obscurus 11.9 triomylus compared to inopinatus 11.8 obscurus compared to fallax 7.9 inopinatus compared to hirsutus 10.5 hirsutus compared to intermedius 13.9 with other taxa. This analysis also indicated that specimens of A. j. triomylus are well distinguished from specimens of non-triomylus subspecies. In fact, the degree of cranial divergence (measured in terms of D 2 distance) among A. j. triomylus and any other A. jamaicensis subspecies is 3 times higher than the highest divergence observed between any of these subspecies (Table 2) .
There are, in addition, other characters in which individuals of A. j. triomylus differ markedly from individuals belonging to A. jamaicensis complex. The presence of 3rd upper molars is the most reliable character that distinguishes this bat. Davis (1970) pointed out that 70 of 71 specimens of this subspecies possessed these molars, but only 10 specimens of 725 of other subspecies from throughout the remainder of Middle America exhibited this condition. In addition, Handley (1966) concluded that specimens belonging to A. j. triomylus differ from those of the contiguous subspecies A. j. yucatanicus in having the supraorbital edges converging sharply posteriorly, the postorbital constriction positioned over the posterior edge of the suborbital shelf, and the 2nd lower molars wider.
Systematic conclusion.-The phylogenetic species concept implies that a species is the least inclusive taxon recognized in a formal phylogenetic classification (Mishler and Theriot 2000) . This concept encompasses 2 theoretical components: grouping and ranking. First, specimens must be grouped into species on the basis of evidence of monophyly, as at all taxonomic levels. Second, ranking criteria used to assign species rank to certain monophyletic groups should vary among different organisms. These criteria have included genetic distances, morphological gaps, and presence of breeding barriers.
Our phylogenetic hypothesis inferred from Cytb sequences demonstrated that samples of A. j. triomylus form a robust monophyletic group, which is separated from the clade including non-triomylus subspecies by a genetic distance of 3.6%. This level of divergence is within the range of that reported among other closely related but clearly distinct species of phyllostomid bats. Consequently, we argue that monophyly of populations currently classified as subspecies A. j. triomylus, and the level of genetic divergence separating them from the remaining populations of A. jamaicensis, in concert with morphological distinctiveness of these bats, meet the requirements of the phylogenetic species concept. Thus, they deserve recognition at species rank as A. triomylus. This distinction better represents the evolutionary (genetic and morphological) divergence of this linage of large Artibeus.
RESUMEN
El estado taxonómico de A. j. triomylus fue evaluado por medio de comparaciones del gen mitocondrial citocromo b, así como comparaciones morfométricas con otros 6 taxa de Artibeus grandes. El análisis filogenético mostró la existencia de 2 grupos monofiléticos dentro del complejo A. jamaicensis, separados por una divergencia genética de 3.6%. Un clado agrupó a las poblaciones de A. j. triomylus del oeste de México, y el otro a las poblaciones de A. j. yucatanicus, A. j. richardsoni, A. j. paulus y A. j. jamaicensis del Golfo de México, Centro América, y Caribe. Además, los análisis multivariados demostraron una divergencia significativa en los caracteres craneales cuantitativos entre los especimenes de A. j. triomylus y los no triomylus. Estos resultados, junto con los datos morfológicos reportados previamente, sugieren que A. j. triomylus representa un linaje monofilético distinto, y en consecuencia merece el reconocimiento al rango de especie.
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